Turner syndrome (TS) is due to partial or complete monosomy of the X chromosome in a female. The clinical features include short stature, neck webbing, primary amenorrhoea and sterility. Structural kidney abnormalities, cardiovascular and skeletal anomalies are frequently associated features. TS is found in approximately 1 in 2100 newborn girls (Nielsen and Wohlert, 1991) .
A British study of 156 females with TS who had survived infancy found a mortality rate four times the expected, but only one of the 15 deaths in this rather young cohort was attributed to cancer (Price et al., 1986) . However, there has been some concern about a possibly increased risk of gynaecological tumours due to prolonged oestrogen therapy Clement and Young, 1987) or of hepatocellular carcinoma due to progestagen therapy (Watanabe et al., 1994) . The probability that gonadoblastoma or dysgerminoma arises in women with dysgenetic gonads in the presence of Y chromosome material has been estimated to be 30% (Verp and Simpson, 1987) , and early prophylactic oophorectomy has been recommended (Troche and Hernandez, 1986) .
TS has been reported anecdotally in association with a variety of neoplasias (Lewis et al., 1963; Pawliger et al., 1970; Wertelecki and Shapiro, 1970; Gare et al., 1993; Say et al., 1971; Siegler, 1975; Louka et al., 1978; Chaganti et al., 1982; Andreev and Zlatkov, 1971; Cheng and Tsai, 1993; Males and Lain, 1972; Olson et al., 1995) , including multiple primary cancers (Herrera Ornelas et al., 1984; Ochi et al., 1985) . No conclusion can be drawn from these data, and publication bias may over-emphasise coincidental findings, as shown recently for Klinefelter syndrome (Hasle et al., 1995) . There are no available cohort studies of the relative risk of cancer in women with TS.
We present the cancer occurrence in a group of 597 women with TS and a virtually complete follow-up.
Material and methods
The study cohort The Danish Cytogenetic Register was founded in 1968 and has since collected information on constitutional chromosomal abnormalities from cytogenetic laboratories throughout Denmark (Nielsen, 1980) . Abnormalities diagnosed before the start of the register in 1968 have also been included in the register, and it is assumed that it has a virtually complete coverage of the constitutional chromosomal abnormalities diagnosed in Denmark since 1961 (Nielsen, 1980) .
A total of 608 women with a diagnosis of TS were registered in the Cytogenetic Register by December 1994. Eleven persons were excluded from the cohort for the following reasons: residence in Greenland (n = 4), date of birth after 31 December 1992 (n = 6) or death on day of birth (n = 1). Accordingly, the final study cohort consisted of 597 women with TS. (190) (191) Non-melanoma (191) Other specified sites (192) (193) (194) (195) (196) (197) the tumours with a high mortality rate. On the other hand, patients with cancer undergo a large number of investigations, which might introduce a surveillance bias, resulting in a higher rate of recognised TS in those women who develop cancer. In the present study, four women had TS diagnosed shortly after the cancer diagnosis. To eliminate the two types of selection bias (cancer diagnosed without the recognition of TS and TS diagnosed as a result of the cancer diagnosis) the calculations of relative risk were performed by counting person-years at risk and observed cancers only from 1 year after the cytogenetic diagnosis of TS.
TS is not always diagnosed in prepubertal girls because of the paucity of clinical manifestations. Therefore, TS is likely to be diagnosed mainly in girls who survive a childhood cancer and may even then be overlooked because infertility may be considered therapy related. Consequently, the present study has an inherent risk of overlooking cases of childhood cancer. We identified only one case of childhood tumour, a case of Wilms' tumour adding to previous studies suggesting a causal association between TS and Wilms' tumour (Say et al., 1971; Olson et al., 1995) . This association may be related to the increased frequency of renal malformations among children with Wilms' tumour (Olson et al., 1995) , although no evidence of any renal malformation was detected in our case. The probability that gonadoblastoma or dysgerminoma arises in women with dysgenetic gonads in the presence of Y chromosome material has been estimated to be 30%. (Verp and Simpson, 1987) , and early prophylactic oophorectomy has been recommended (Troche and Hernandez, 1986 (Troche and Hernandez, 1986 Tsai, 1993) . TS is associated with an increased risk of ulcerative colitis (Knudtzon and Svane, 1988) , which in itself is associated with an increased risk of colorectal cancer (Mellemkjaer et al., 1995) . However, a review of the medical charts of the present cases did not identify any with chronic inflammatory diseases. The apparent association between TS and colon cancer needs further studies of the possible pathogenic mechanisms.
Two autosomal dominant inherited conditions associated with colon cancer are known: familial adenomatous polyposis of the colon (APC) and hereditary non-polypous colon cancer (HNPCC). APC is caused by germilne mutations in a tumour-suppressor gene on chromosome 5 (Bodmer et al., 1987) , whereas HNPCC is caused by germline mutations in genes encoding specific DNA repair enzymes (Fishel et al., 1993) . Mutations of these repair genes are associated with a dramatically increased frequency of mutations all over the genome. A similar mutator phenotype is observed in many sporadic colon tumours, and it is believed that these colon cancers are caused by a highly increased risk for secondary mutations activating specific proto-oncogenes and/or inactivating specific tumour-suppressor genes.
The Turner phenotype is probably the result of the loss of one functional copy of one or more genes common to the X and Y chromosomes, the X-linked copies escaping X inactivation. Among the candidates are the genes encoding ribosomal protein S4, RPS4Y and RPS4X (Fisher et al., 1990) . Analyses of the mutator phenotype in colon tumours from TS patients are necessary to assess whether colon cancer in TS may provide a potential link to Turner-associated genes on the sex chromosome(s).
